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SPECIFICATION 

ELECTRO LUMINESCENCE DEVICE AND METHOD FOR PRODUCING THE 
SAME 

Technical Field 

[0001] The present invention relates to a useful 
technique applied to an electro luminescence device and a 
method for producing the same, such as a LED (light 
emitting diode) or a LD (laser diode) produced by employing 
a compound semiconductor crystal substrate comprising a 
Group 12 (2B) element and a Group 16 (6B) element in the 
periodic table. 

Background Art 

[0002] With compound semiconductors that comprise a 
Group 12 (2B) element and a Group 16 (6B) element in the 
periodic table (hereinafter, that are referred to Group II- 
VI compound semiconductors), generally, free control of 
conduction types of p-type and n-type is difficult except 
CdTe (cadmium telluride) . Thus, extremely a few electro 
luminescence devices provided with these materials and 
methods for producing the same are made practicable, and 
the ranges thereof remain limited. 

[0003] For example, with a method for fabricating a 



light emitting diode as an electro luminescence device by 
using a ZnSe system material, a large number of mixed 
crystal thin films of ZnSe system are formed on a GaAs 
substrate by a molecular beam epitaxial growth method, 
thereafter electrodes are formed, and then a pn junction 
type light emitting diode is fabricated. 

[0004] When fabricating the light emitting diode, with 
the ZnSe system material, since the control for a p-type 
semiconductor is difficult in a thermal equilibrium state, 
the epitaxial growth method which is not in the thermal 
equilibrium state was applied to formation of the mixed 
crystal thin films by using a particular apparatus which is 
referred to as a radical gas source. 

[0005] As an electro luminescence device provided with 
such a ZnSe system material, for example, 480nm blue LEDs 
are manufactured by way of trial. Furthermore, fabrication 
of blue LDs in quantum well structure of CdZnSe-ZnSe is 
reported, and it draws attention as a blue light emitting 
device . 

[0006] However, as above -described, with the electro 
luminescence device provided with the Group II -VI compound 
semiconductor, the material system is extremely limited 
because the physical property that the control of 
conduction types in the Group I I -VI compound semiconductor 
is difficult . Thus , the electro luminescence device having 
the Group I I -VI compound semiconductor has not put to 



practical use except the ZnSe system materials. 
[0007] When the electro luminescence device provided 
with the ZnSe system material was fabricated, the epitaxial 
growth method was required to be applied to the fabrication, 
for making the control of conduction types possible. Thus, 
there were problems that the productivity was low, and that 
the production cost increased^ because an expensive 
apparatus such as the radical gas source or the like was 
required . 

[0008] Then, the inventors or the like proposed a method 
for forming an electro luminescence device by using the 
Group II -VI compound semiconductor single crystal substrate, 
and forming a pn junction by thermally diffusing a 
diffusion source including an element converting the 
substrate of a first conduction type into one of a second 
conduction type from a front surface of the substrate, 
[0009] However, there was a problem that the 
characteristics of the electro luminescence device 
fabricated by the method depended heavily on quality of the 
used substrate, and thus the electro luminescence device 
having superior light emission efficiency was not stably 
fabricated. 

[0010] The present invention was developed to solve the 
above -described problems. A main object of the present 
invention is to provide a method that is capable of stably 
producing an electro luminescence device having superior 



light emission efficiency by using a Group II -VI compound 
semiconductor crystal substrate. 

Disclosure of the Invention 

[0011] At first, the inventors or the like deposited 
diffusion sources over ZnTe substrates of compound 
semiconductors (Group I I -VI compound semiconductors) 
comprising Group 12 (2B) elements and Group 16 (6B) 
elements in the periodic table and being produced by some 
producing methods, and then formed pn junctions by 
thermally diffusing the diffusion sources. Thereafter, the 
inventors or the like investigated correlation between the 
light emission characteristics and the qualities of the 
substrate (particularly, crystal dislocation) . 
[0012] As a result, green light emission was able to be 
recognized from light emitting diodes produced by using 
substrates on which density of pits (hereinafter, it 
referred to as etch pits), which were obtained by etching 
with high temperature sodium hydroxide aqueous solution, 
was not more than 20,000/cm^, preferably not more than 
10,000/cm^, more preferably not more than 5,000/cm^, 
furthermore, not more than 2,000/cm^. 

[0013] On the other hand, with light emitting diodes 
produced by using substrates on which the density of the 
etch pits exceeded 20,000/cm^, no light emission was able 
to be recognized. 



[0014] It was verified that the etch pits by the sodium 
hydroxide occurred due to the dislocation in the crystal by 
another experiment. Therefore, with the ZnTe substrate, 
the dislocation density and etch pit density can be treated 
equally - 

[0015] From the result of the above-described researches, 
it was ascertained that the light emitting phenomenon of 
the light emitting diode depends largely on the dislocation 
density or the etch pit density of the front surface of the 
substrate . 

[0016] It has known that a large number of inclusions 
exist inside of crystal of the Group I I -VI compound 
semiconductor owing to growth methods or growth conditions. 
For example, the Group I I -VI compound semiconductor, which 
is applied to a substrate for a visible light emitting 
diode, has wide forbidden band width and is transparence. 
Thus, the inclusions inside the substrate can be observed 
by an optical microscope, 

[0017] Thus p-type ZnTe substrates that were different 
from each other in densities of inclusions were prepared. 
Then, as a diffusion source, for example, Al or In was 
deposited over the front surfaces of the substrates, and pn 
junctions were formed by the thermal diffusion. The 
characteristics of the light emitting diodes formed by such 
a way were compared with one another. When the density of 
the inclusions having grain diameters of 0.3 to 10 jim on 



the pn junction interfaces, which were observed in a focal 
field of the optical microscope of XlOO to X200 
magnification, was not more than 100,000/cm^, preferably 
not more than 50,000/cm^, it was possible to obtain the 
light emitting diodes having a little leakage current due 
to recombination and superior light emission efficiency, 
[0018] On the other hand, when the density of the 
inclusions exceeded 100,000/cm^, the light emission 
efficiency decreased. In particular, in the substrate 
having inclusions which were larger than 5[im, even if the 
density of the inclusions was in single figure smaller 
10,000 to 50,000/cm^, it was found that the leakage current 
increased and the light emission efficiency lowered. 
[0019] Consequently, it is considered that the leakage 
current occurs because the inclusions in the pn junction 
interface form current passages. 

[0020] Therefore, it is supposed that suppression of the 
inclusions in the pn junction interfaces plays a role for 
decreasing the leakage current and thus improving light 
emission efficiency. 

[0021] From a result of observation by a scanning 
electron microscope, the number of the inclusions existed 
in the interface is generally smaller than the number of 
the inclusions observed by the optical microscope. 
[0022] This depends on the sizes of the inclusions. When 
the sizes of the inclusions are about l^an, the density of 



the inclusions in the interface and the density of the 
inclusions observed by the optical microscope are at the 
same level, while when the sizes of the inclusions are 
small, the density of the inclusions in the interface is 
about in single figure small compared with the density of 
the inclusions observed by the optical microscope. 
[0023] Then, as a result of the researches, when the 
number of the inclusions existed in the junction interface 
was not more than 50,000/cm^, it was possible to obtain the 
electro luminescence device in which the leakage current 
due to the recombination is small and having superior 
efficiency . 

[0024] The first invention according to the present 
inventions was developed based on the above-described 
findings, and is an electro luminescence device comprising 
a compound semiconductor crystal substrate comprising a 
Group 12 (2B) element and a Group 16 (6B) element in a 
periodic table, wherein the electro luminescence device is 
produced by providing a substrate having a low defect 
density, and forming a pn junction in the vicinity of a 
front surface of the substrate by thermally diffusing an 
element converting the substrate of a first conduction type 
into the one of a second conduction type from the front 
surface of the substrate. 

[0025] According to the invention, the leakage current 
due to the recombination can be reduced, and the electro 



luminescence device (for example, light emitting diode 
which emits green light) having high light emission 
efficiency can be stably obtained. 

[0026] When the conduction type of the substrate (first 
conduction type) is p-type, the element thermally diffused 
is impurity (donor) converting the substrate into the one 
of n-type, while when the conduction type of the substrate 
is n-type, the element thermally diffused is impurity 
(acceptor) converting the substrate into the one of p-type. 
[002 7] As the substrate, the one on which density of 
pits obtained by etching with sodium hydroxide aqueous 
solution at 90 to 130*^C is not more than 20,000/cm^, more 
preferably not more than 10,000/cm^, particularly 
preferably not more than 5,000/cm^, furthermore, not more 
than 2,000/cm^, may be used. 

[0028] With a ZnTe substrate, the dislocation density 
and the density of etch pits occurred due to the sodium 
hydroxide can be treated equally. Thus, as the substrate, 
the one on which the dislocation density is not more than 
20,000/cm^, more preferably not more than 10,000/cm^, 
particularly preferably not more than 5,000/cm^, 
furthermore, not more than 2,000/cm^, may be used. 
Alternatively, because the density of the etch pits 
occurred when etching the substrate correlates with the 
dislocation density in the substrate, density of etch pits 
occurred by other etchants may be used as a condition. 



[0029] As the substrate, the one in which the density of 
the inclusions having grain diameters of 0.3 to 10 in 
the pn junction interfaces and being able to be observed in 
a focal field of the optical microscope of XlOO to X200 
magnification is not more than 100,000/cm^, may be used. 
[0030] Furthermore, the substrate may be made of any one 
of ZnTe, ZnSe and ZnO. 

[0031] According to the means, the electro luminescence 
device can be obtained wherein the wavelengths of the light 
emitted from the opposite light emitting regions 
sandwiching an interface of the pn junction are different 
from each other. 

[0032] More concretely, with the electro luminescence 
device produced by providing a p-type ZnTe as the substrate, 
and using Al, Ga, In, or alloy including them as the 
diffusion source including an element converting the 
substrate of the first conduction type into the one of the 
second conduction type, the light emitted from the light 
emitting region in a side of the diffusion source is from 
green light to red light having a wavelength of from 550 to 
700nm, while the light emitted from the light emitting 
region in a side of the substrate is from yellow light to 
red light having a wavelength of from 580 to 700nm. The 
light emitting regions sandwich the interface of the pn 
junction . 

[0033] Details are shown in Table 1. 



[Table 1] 



Diffusion source 


Light emission 
from a light 
emitting region in 
a side of the 
diffusion source 


Light emission 
from a light 
emitting region in 
a side of the 
substrate 


Al or alloy 
including it 


Green light to 
orange light 
having wavelength 
of 550 to 630nm 


Yellow light to 
orange light 
having wavelength 
of 580 to 630nm 


In or alloy 
including it 


Green light to red 
light having 
wavelength of 550 
to 700nm 


Orange light to 
red light having 
wavelength of 610 
to 700nm 


Ga or alloy 
including it 


Green light to 
orange light 
having wavelength 
of 550 to 660nm 


Orange light to 
red light having 
wavelength of 610 
to 660nm 



[0034] Furthermore, the inventors or the like made 
repeated investigations into a method for controlling the 
conduction type of the Group I I -VI compound semiconductor. 
Then, it was reasoned that when the impurities are doped 
into the crystal by diffusion, if the formation of 
vacancies can be controlled at the diffusion step, the 
effect of self compensation may be suppressed and efficient 
control of the conduction type may be possible. 
[0035] As a result of repeated investigations based on 
the reasoning, the fruits were obtained as follows. That 
is, when diffusion source is disposed on a front surface of 
a Group I I -VI compound semiconductor substrate of a first 
conduction type, the diffusion source including an element 
converting the substrate into one of a second conduction 
type, and then is thermally diffused, it can prevent that 



the highly volatile constitute element in the substrate is 
come off from the front surface of the substrate during the 
diffusion step, so that it is possible to prevent vacancies 
from forming. 

[0036] As regards impurities remaining on the front 
surface of the substrate, it was found that when compound 
of the element included in the diffusion source and the 
impurities is more stable at the diffusion temperature than 
compound of the constitute element of substrate and the 
impurities, the impurities can be removed from the front 
surface of the substrate, so that it gives effect of 
improving the purity of the front surface of the substrate. 
[0037] Then, based on the fruits of the investigations, 
the experiment was carried out such that Al or In, which 
may be impurities converting a p-type ZnTe substrate into 
one of n-type, was deposited under vacuum on a front 
surface of the substrate to form Al or In thin film, and 
then heat treatment was carried out under N2 atmosphere, 
[0038] As a result, it was found that the deposited Al 
or In can prevent the highly volatile Zn from vaporizing 
from the front surface of the substrate, giving effect of 
suppressing formation of vacancies in the substrate. 
[0039] Further, since Al or In forms a stable compound 
with impurities, such as oxygen or the like, in the ZnTe 
substrate, it is expected that Al or In removes the 
impurities from a front surface layer of the substrate to 



improve the purity of the front surface of the substrate. 
[0040] Then, ohmic electrodes were formed on both 
surfaces of the substrate into which Al or In was thermally 
diffused, thereby a light emitting diode as an electro 
luminescence device was manufactured by way of trial. This 
light emitting diode showed rectifying characteristics, so 
that it was possible to recognize the light emission. The 
formation of pn junction by the method for thermally 
diffusing Al or In was also verified with EBIC method 
(Electron Beam Induced Current Method). 

[0041] Accordingly, it was proved that this method is 
effective for forming a pn junction of the Group I I -VI 
compound semiconductor . 

[0042] As a result of comparing between cases that Al 
and In are used as the diffusion sources, it was found that 
when Al is used, the light emission color is nearer to 
green compared with the case that In is used. Furthermore, 
it was found that when In is used, red light emission is 
mixed. This red light emission is considered to be the 
light emission caused mainly by oxygen impurities. That is, 
it is known that the oxygen taken in the crystal enters in 
a Te lattice site location and emits light in red. It is 
considered that the oxygen exits in the crystal in the form 
bonded with Zn. 

[0043] Al and In are strongly bonded with oxygen, and 
Gibbs ' free energy thereof are -l,690kJ/mol and -635kJ/mol, 



respectively, at an anneal temperature of around 600*^C. 
The Gibbs ' free energy of them is small and stable compared 
with the Gibbs' free energy of ZnO ( -260kJ/mol ) . 
Furthermore, because oxide of Al is more stable than oxide 
of In, Al has a large effect on gettering oxygen from the 
ZnTe substrate. Thus, the red light emission resulted from 
oxygen was not generated. 

[0044] C, Si, Bi or the like, of which oxide has small 
free energy, can be expected to have the same effect. 
[0045] As impurities having luminescence peak on the 
side of a long wavelength in the Group II -VI compound 
semiconductor, Au, Ag, Cu, Li or the like are given other 
than oxygen . 

[0046] Since compounds of Au, Ag and Cu and halogens, 
such as CI or the like, are more stable than compounds of 
Au, Ag and Cu and Zn, these impurities can be removed from 
the substrate in the diffusion step by using diffusion 
sources including halogens. 

[0047] With regard to the heat treating temperature of 
the diffusion step, as a result of various experiments at 
the temperature range of from 300°C to 700°C, it was found 
that more uniform diffusion was possible in a low 
temperature region, and the heat treatment in the range of 
300 to 430°C was preferable. 

[0048] As a result of various experiments in which the 
heat treatment time was changed in the range of from few 



minutes to tens of hours, the heat treatment time might be 
enough if it was not less than the defined time for Al and 
In, respectively. However, when the diffusion source did 
not remain on the front surface of the substrate at the end 
of the diffusion step, it was found that excellent 
current /voltage characteristics was not obtained, and no 
light emission was generated in many cases. 
[0049] The reason of this is considered that when the 
diffusion source did not remain on the front surface of the 
substrate with an enough thickness at the end of the 
diffusion, the diffusion source did not enable sufficient 
suppression of the evaporation of Zn and thus of the 
formations of defects, such as vacancies or the like in the 
substrate. Also, it is considered that gettering 
impurities, such as oxygen or the like, in the substrate by 
the diffusion source was not sufficient. Therefore, it was 
found that remaining of the diffusion source of enough 
thickness on the front surface of the substrate at the end 
of the diffusion was important. 

[0050] The second invention according to the present 
inventions was developed based on the above-described 
findings , and is a method for producing an electro 
luminescence device, comprising the steps of: providing a 
compound semiconductor crystal substrate comprising a Group 
12 (2B) element and a Group 16 (6B) element in a periodic 
table; forming a pn junction in the vicinity of a front 



surface of the substrate by thermally diffusing diffusion 
source including an element converting the substrate of a 
first conduction type into the one of a second conduction 
type; and forming electrodes on both surfaces of the 
substrate; wherein the diffusion source is disposed on the 
front surface of the substrate, preventing forming of a 
defect compensating an impurity level which is formed in 
the substrate by the element included in the diffusion 
source during a diffusion step, and furthermore the 
diffusion source includes an element gettering impurity on 
the front surface of the substrate. 

[0051] According to the method, the controllability for 
conduction type of the Group II -VI compound semiconductor 
can be improved efficiently by suppressing the effect of 
self compensation and the purity of the front surface of the 
substrate can also be improved. Thus, the electro 
luminescence device having superior light emission 
efficiency can be obtained. 

[0052] When the conduction type of the substrate (first 
conduction type) is p-type, the element included in the 
diffusion source is impurity (donor) converting the 
substrate into one of n-type, while when the conduction 
type of the substrate is n-type, the element included in 
the diffusion source is impurity (acceptor) converting the 
substrate into one of p-type. 

[0053] The defect compensating a level showing the 



conduction type (the second conduction type) which is 
different from the conduction type (the first conduction 
type) of the substrate may include a vacancy or a defect 
including the vacancy. 

[0054] Furthermore, the diffusion source may comprise 
such a material that the Gibbs ' free energy of a compound 
which is formed by combining the diffusion source and 
impurity in the substrate may be smaller than the Gibbs' 
free energy of a compound which is formed by combining the 
constitute element in the substrate and the impurity at the 
diffusion temperature . 

[0055] Alternatively, the diffusion source may comprise 
such an element that the Gibbs' free energy of a compound 
which is formed by combining an element included in the 
diffusion source and impurity in the substrate may be 
smaller than the Gibbs ' free energy of a compound which is 
formed by combining the constitute element in the substrate 
and the impurity at the diffusion temperature - 
[0056] The impurity in the substrate is at least one of 
O, Li, Ag, Cu and Au . 

[0057] As the diffusion source, Al, Ga, In, or alloy 
thereof, or CI, Br, I, or alloy thereof may be used. 
[0058] The element included in the diffusion source and 
gettering the impurity in the substrate may comprise an 
element having a slow diffusion rate into the substrate 
compared with the element converting the substrate of the 



first conduction type into one of the second conduction 
type. 

[0059] The element included in the diffusion source and 
gettering the impurity in the substrate may be at least one 
of B, Si and C. 

[0060] The diffusion source may be deposited over the 
front surface of the substrate by any one of a sputtering 
method, a resistance heating method, and an electron beam 
method, under vacuum. 

[0061] The heat treating temperature at the diffusion 
may be 300°C to 700°C, preferably. 

[0062] The diffusion source may be formed in the film 
thickness of 1,000 to 10,000A, preferably, 1,500 to 5,000A. 
[0063] It may be preferable that the diffusion source 
may remain on the front surface of the substrate with a 
predetermined thickness after the diffusion. 
[0064] The diffusion source may be remained in the 
thickness of not less than lOOA, preferably, not less than 
300A after the diffusion. 

[0065] Preferably, when the diffusion source is Al or In, 
the diffusion time may be longer than the time specified by 
a relational expression Y= 2 X 10^exp( -0 . 018T ) , showing the 
relation between the diffusion time Y and the heat treating 
temperature T. 

[0066] Preferably, the substrate may be ZnTe. 

[0067] Furthermore, the inventors investigated about 



light emission characteristics of the electro luminescence 
device, and found that the light emission characteristics 
depends strongly on plane orientation of the substrate on 
which the diffusion source is disposed. 
[0068] Then, the electro luminescence devices were 
fabricated by disposing the diffusion sources on various 
plane orientations of the substrates, and experiments were 
carried out repeatedly. 

[0069] Specifically, ZnTe crystal, which is one of the 
Group II -VI compound semiconductor single crystal, was 
sliced at various plane orientations, and substrates were 
obtained. Then, the diffusion source of Al was deposited 
over the front surface of the substrate and the pn junction 
was formed by the thermal diffusion. Thereafter, 
electrodes were provided on both surfaces of the substrates, 
so that the electro luminescence devices were fabricated. 
The light emission characteristics of these specimens were 
investigated. 

[0070] As a result, with the specimens each of which a 
substrate plane is the one other than (lll)Te plane, the 
light emission was recognized from almost whole planes of 
the substrates, while from the specimen of which a 
substrate plane is the (lll)Te plane, only weak light 
emission was recognized. 

[0071] For finding out the reason, the {lll)Te plane and 
other planes were compared with each other. As a result. 



plane roughness was occurred in the (lll)Te plane after 
etching of the substrate. On the other hand, no plane 
roughness was occurred in (lll)Zn plane, (001) plane, and 
(Oil) plane other than the (lll)Te plane after etching, 
[0072] When Al as the diffusion source was deposited 
over the front surface in which the plane roughness was 
occurred, adhesiveness between Al and the front surface of 
the substrate was poor. Accordingly, it is considered that 
the thermal diffusion into the substrate was only locally 
occurred. Actually, a phenomenon of easily peeling of the 
diffusion source deposited over the (lll)Te plane was 
observed. 

[0073] The condition of the diffusion was investigated 
inplane. As a result, with the specimen of which substrate 
plane was the (lll)Te plane, diffusion depth was not 
uniform but varied largely. Further, many non-diffused 
portions were observed. On the other hand, with the 
specimens of which substrate planes were the one other than 
the (lll)Te plane, it was found that the diffusion sources 
were almost uniformly diffused. 

[0074] Accordingly, a finding was obtained that plane 
roughness in the front surface of the substrate causes the 
ununiformity of diffusion to deteriorate the light emission 
characteristics. Therefore, it came to a conclusion that 
for obtaining excellent light emission characteristics, 
carrying out the etching at least in a condition that no 



plane roughness is occurred is important. 
[0075] Consequently, although various etchants for 
causing no plane roughness were tried, no suitable etchant 
for the (lll)Te plane was found, 

[0076] On the other hand, it was confirmed that etching 
the planes other than the (lll)Te plane by etchants, such 
as hydrobromic acid or Br-methanol system, enables 
obtaining relatively flat surface condition. 
[0077] With the substrates of which substrate planes 
were inclined within 10 degrees from the (lll)Zn plane, 
(001) plane, or (Oil) plane, flat surfaces without plane 
roughness were able to be obtained by etching with the 
etchants, such as hydrobromic acid or Br-methanol system. 
[0078] The third invention according to the present 
inventions was developed based on the above-described 
findings, and is a method for producing an electro 
luminescence device, comprising the steps of: providing a 
compound semiconductor crystal substrate comprising a Group 
12 (2B) element and a Group 16 (6B) element in a periodic 
table; disposing a diffusion source on a front surface of 
the substrate, the diffusion source including an element 
converting the substrate of a first conduction type into 
the one of a second conduction type; forming a pn junction 
in the vicinity of the front surface of the substrate by 
thermally diffusing the diffusion source; and forming 
electrodes on both surfaces of the substrate; wherein the 



diffusion source is disposed on a substrate plane having 
plane orientation from which a flat plane is obtained after 
etching. 

[0079] According to the invention, avoiding the 

influence of the plane orientation on the light emission 

characteristics by limiting the plane orientation of the 

substrate, the electro luminescence device having superior 

light emission efficiency can be stably produced. 

[0080] The substrate may be one of ZnTe, ZnSe, and ZnO, 

preferably. 

[0081] When the substrate of which substrate plane is 
(lll)Zn plane, (001) plane, or (Oil) plane is employed, 
flat plane may be obtained after etching. 
[0082] Alternatively, when the substrate of which 
substrate plane inclines within 10 degrees from the (lll)Zn 
plane, (001) plane, or (Oil) plane is employed, flat plane 
may also be obtained after etching. 

[0083] In addition, before the diffusion source is 
disposed, the front surface of the substrate may be 
chemically etched- At this time, the etching by etchant of 
bromic acid system or bromine system may be preferable. 
[0084] The inventors further investigated repeatedly for 
the producing method of electro luminescence device. As a 
result, it was found that when the diffusion process was 
performed for relatively long times (it is required for the 
diffusion source to remain after diffusion process) at a 



low temperature (300 to SSC^C), the elements constituting 
the diffusion source were uniformly diffused, so that the 
light emission characteristics became stable. 
[0085] Then, based on inference that if the condition of 
diffusion process is the same, the light emission 
characteristics obtained through the diffusion source after 
the diffusion should be due to the diffusion source, 
experiments were repeatedly carried out for determining the 
most suitable deposition conditions of the diffusion source 
for more stable light emission characteristics - 
[0086] The condition of the diffusion process is 16 
hours at 420°C. With the experiments, for the substrate, 
p-type ZnTe substrate, which is one of the Group II -VI 
compound semiconductors, was employed, and Al was employed 
for the diffusion source. 

[0087] At first, a thin film of the Al diffusion source 
was formed on the ZnTe substrate by vacuum deposition with 
a thiclcness of 5nm, lOnm, 20nm, 50nm, lOOnm, 200nm or 500nm. 
Thereafter, diffusion process was performed for 16 hours at 
420°C to thereby form the pn junction. At this time, after 
the diffusion process under the diffusion conditions, 
respective diffusion sources with respective thickness 
remained on the substrates. Thereafter, electrode was 
formed on the side of the rear surface of the ZnTe 
substrate, so that the light emitting diode was produced . 
Then, the correlation between the thiclcness of the 
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deposited diffusion source and the light emission 
characteristics of light observed through the diffusion 
source was investigated. 

[0088] As a result, it was found that when the film 
thickness of the deposited diffusion source was 5 to 50nm, 
the light observed through the Al diffusion source was 
green light having high light emission intensity and being 
'S stable, while when the film thickness of the deposited 

m 

diffusion source exceeded 50nm, the yellow light became 

SI stronger than the green light in the relative intensity, 

SI 

»=P and the light emission intensity lowered as a whole. 

O [0089] From this findings, the inventors considered that 

Q the luminescence center of yellow is due to defects caused 

by excess Al . That is, the inventors inferred that as the 

■s _ 

film thickness of the Al diffusion source increases, the 
concentration of Al diffusing into the ZnTe substrate 
increases, thereby the defects caused by Al increases in 
the ZnTe substrate, so that the intensity of the yellow 
luminescence increases . 

[0090] Then, investigations were repeatedly carried out 
based on the above-described inference. As a result, 
producing the electro luminescence device having superior 
light emission characteristics was achieved by limiting 
properly the film thickness of the diffusion source. 
[0091] The inventors further investigated about 
diffusion length of the diffusion source into the substrate 



and the light emission characteristics of the obtained 
electro luminescence device. Then, it was found that when 
the Al diffusion source remains on the ZnTe substrate, the 
diffusion length depends strongly on the condition of the 
diffusion process, while it is little influenced by the 
film thickness of the Al diffusion source. Accordingly, it 
is considered that if the conditions of the diffusion 
process are the same, the diffusion lengths of Al become 
the same, thereby the light emission intensities become the 
same when the light emitted from the pn junctions reaches 
the interface between the substrate and the diffusion 
source . 

[0092] However, the light emission intensities obtained 
through the Al diffusion source differed with the film 
thicknesses of the Al diffusion source. As a result of 
further repeated investigations, it was found that since 
transmittance of the Al diffusion source varies with the 
film thickness of the Al diffusion source, the intensity of 
the light obtained trough the Al diffusion source varies. 
Then, when thinning the film thickness of the diffusion 
source for the light easily to transmit, the green 
luminescence with high light emission intensity and stable 
was obtained. 

[0093] As described above, when the film thickness of 
the diffusion source to be deposited was thinned, the light 
transmittance of the diffusion source remained after 



diffusion process became extremely high. Thus, without 
forming new transparent electrode by removing the diffusion 
source after diffusion process, it was possible to improve 
the efficiency of taking light out by employing the 
diffusion source for an electrode. 

[0094] The fourth invention according to the present 
inventions was developed based on the above-described 
findings, and is a method for producing an electro 
luminescence device , comprising the steps of : providing a 
compound semiconductor crystal substrate comprising a Group 
12 (2B) element and a Group 16 (66) element in a periodic 
table; disposing a diffusion source on a front surface of 
the substrate, the diffusion source including an element 
converting the substrate of a first conduction type into 
the one of a second conduction type; forming a pn junction 
in the vicinity of the front surface of the substrate by 
thermally diffusing the diffusion source; and forming 
electrodes on both surfaces of the substrate; wherein the 
diffusion source is disposed on the front surface of the 
substrate in a film thickness of from 5nm to 50nm. 
[0095] Accordingly, since an amount (concentration) of 
the diffusion source diffused into the substrate can be 
controlled, it is possible to prevent the light emission 
characteristics from changing caused by the defects formed 
in the substrate, the defects being due to the diffusion 
source. Therefore, an electro luminescence device having 



26 



superior light emission characteristics can be produced. 
[0096] Particularly, with the diffusion source, the film 
thickness of 5 to 20nm may be more efficient. With this 
thickness, the diffusion source remained on the front 
surface of the substrate after the diffusion process may 
become thin for enough light transmittance , so that the 
intensity of the light transmitting the diffusion source 
may become high. Thus, without forming a transparent 
electrode, such as ITO or the like, the electro 
luminescence device having superior light take out 
efficiency may be produced with easy processes and in 
relatively low cost. 

[0097] Preferably, the processing temperature for the 
diffusion may be 300 to 550°C. Further, it is preferable 
that the processing time for the diffusion may be 
determined so that the diffusion source will remain in a 
predetermined thickness after the diffusion process, for 
example, in a thickness of 3 to 15nm. 

[0098] Preferably, the substrate may be ZnTe, ZnSe or 
ZnO. Further, the diffusion source may be Al, Ga, In, or 
alloy thereof. 

[0099] Next, the inventors or the like researched 
relation between the light emission intensity of the 
electro luminescence device and PL (photoluminescence) 
intensity of the substrate before the diffusion source is 
diffused, and found out that there is a strong correlation 



between both. Accordingly, it was found out that when the 
electro luminescence device is produced by employing a 
substrate having high PL intensity, the electro 
luminescence device having superior light emission 
characteristics can be obtained. 

[0100] It was further found out that the PL intensity of 
the substrate before the diffusion depends strongly on 
carrier density in the substrate. 

[0101] Then, for determining the optimum carrier density 
for high PL intensity of the substrate before the diffusion, 
investigations about relation between the PL intensity of 
the substrate before the diffusion and the carrier density 
were repeatedly carried out. 

[0102] Concretely, dopant of predetermined amount was 
doped into the Group II -VI compound semiconductor single 
crystal substrates, so that substrates having carrier 
densities of 7 X 10^^ to 7 X lO^^cm'^ were fabricated. Then, 
the PL intensity of each substrate was measured, and the 
relation of the PL intensity to the carrier density of the 
substrate was investigated. The result is shown in FIG. 4. 
It is understood from FIG. 4 that the PL intensity does not 
increase in proportion to the carrier density, but 
decreases when the carrier density is not less than a value. 
Furthermore, from the above-described finding, it is 
inferred that when the substrate having the carrier density 
within a range of 1 X lO'' to 5 X lO'W, the electro 
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luminescence device having high light emission intensity 
can be obtained. 

[0103] Then, the inventors carried out the following 
experiments for confirming the above-described inference. 
[0104] At first, a substrate having carrier density of 7 
X 10^' to 7 X lO^^cm"^ was employed, and the diffusion source 
was deposited over the front surface of the substrate and 
thermally diffused, so that the pn junction was formed. 
Thereafter, an ohmic electrode was formed on the rear 
surface of the substrate, so that the electro luminescence 
device was fabricated. The light emission characteristics 
thereof was investigated. 

[0105] As a result, it was verified that the electro 
luminescence device fabricated by employing the substrate 
having carrier density of 1 X lO'' to 5 X lO^'cm'" emitted 
green light with high intensity. Further, the electro 
luminescence device fabricated by employing the substrate 
having carrier density of 3 X lO'' to 2 X lO'^cm"^ emitted 
stable green light with high intensity. Furthermore, the 
electro luminescence device fabricated by employing the 
substrate having carrier density of 5 X lO^*" to 9 X lO^^'cm'^ 
emitted stable green light with higher intensity. 
[0106] On the other hand, with the electro luminescence 
device fabricated by employing the substrate having carrier 
density of less than 1 X 10''cm"' or more than 5 X 10'^cm'\ 
it was verified that the light emission intensity was lower 



than that of the electro luminescence device fabricated by 
employing the substrate having carrier density of 1 X lO^"" 
to 5 X lO'^cm"^ 

[0107] The fifth invention according to the present 
inventions was developed based on the above-described 
findings, and is an electro luminescence device comprising 
a compound semiconductor crystal substrate comprising a 
Group 12 (2B) element and a Group 16 (6B) element in a 
periodic table, wherein the electro luminescence device is 
produced by disposing a diffusion source including an 
element converting the substrate of a first conduction type 
into the one of a second conduction type on a front surface 
of the substrate; forming a pn junction in the vicinity of 
the front surface of the substrate by thermally diffusing 
the diffusion source; and forming electrodes on both 
surfaces of the substrate, and wherein the substrate has 
carrier density of from 1 X 10''cm"^ to 5 X lO'^cm"'. 
[0108] Preferably, the substrate may be ZnTe, ZnSe or 
ZnO. Further, the diffusion source may be Al, Ga, In, or 
alloy thereof. The substrate may have the desired carrier 
density by doping determined amount of the Group 15 (5B) 
element, for example, phosphorus in the periodic table. 
[0109] Furthermore, the inventors investigated the light 
emission characteristics of the electro luminescence device. 
As a result , it was found that most emitted light was 
absorbed around the front surface of the substrate, so that 
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the light emitted to outside became considerably weak. 
[0110] One of causes of this is inferred that the ZnTe , 
ZnSe, ZnO or the like constituting the substrate is a 
direct transition type. That is, for example, with the 
ZnTe. an absorption coefficient a for light at 550nm in 
band edge luminescence is up to 1 X lOVcm. As light damps 
to 1/e (e=2.73) per a thickness of l^m, the emitted light 
damps exponentially with increasing the thickness of the 
substrate through which the light passes. Therefore, with 
the electro luminescence device in which the band edge 
luminescence is employed, the light should be taken out of 
the front surface of the substrate before the light damping. 
[0111] Further investigations were carried out about the 
above-described point. As a result, a conclusion can be 
obtained that for increasing the light emission intensity 
of the electro luminescence device, the diffusion depth is 
required to fall in a range, in which the light with 
desired intensity can be taken out. 

[0112] Then, employing the p-type ZnTe as a substrate, 
experiments were carried out for determining the optimum 
diffusion depth when Al was used as the diffusion source. 
[0113] At first, the Al as the diffusion source was 
deposited over the p-type ZnTe substrate, and thermally 
diffused, so that a pn junction was formed. Then, 
electrodes were formed on front and rear of the substrate, 
so that the light emitting diode was fabricated. The light 



emitting diode was evaluated by an EBIC (Electron beam 
induced current) method. As a result, as shown in a graph 
in FIG. 5, it was found that the carrier density of the 
dopant was approximately the same as or slightly lower than 
the carrier density of the substrate. In addition, it was 
found that a diffusion length of minority carrier was short, 
about 0.2 to 0.3|Am, 

[0.114] According to the above-described result, it is 
supposed that a thickness of a depletion layer formed from 
the junction portion to an n-type layer may be 0.1 to 0.7^un 
within the optimum carrier density of the substrate. For 
taking out the light emission from the front surface of the 
substrate, the light emission being caused by recombination 
of minority carrier and from the edge of the depletion 
layer, it is considered that forming a length from the 
light emitting region to the front surface within 1/a (a is 
the absorption coefficient) is at least required. 
[0115] That is, in a case of ZnTe, 1/a is l^m, and it 
was found that forming the Junction interface in a range of 
0.3 to 2|ain is most suitable, considering the depletion 
layer width and the diffusion length. As a result of 
experiments, when the diffusion length (diffusion depth) 
exceeded 2.0|ain from the front surface, little green light 
emission was observed, while when it was below O.Sum, 
leakage current increased and green-color was locally 
observed. Accordingly, the efficiency of the diffusion 



length of 0.3 to 2.0^iin was able to be verified. A position 
of the junction interface can be confirmed by observing a 
cleavage surface of the substrate by SEM (secondary 
electron microscope) and with light and shade of the SEM 
image . 

[0116] The sixth invention according to the present 
inventions was developed based on the above-described 
findings, and is an electro luminescence device comprising 
a compound semiconductor crystal substrate comprising a 
Group 12 (2B) element and a Group 16 (6B) element in a 
periodic table, wherein the electro luminescence device is 
produced by disposing a diffusion source including an 
element converting the substrate of a first conduction type 
into the one of a second conduction type on a front surface 
of the substrate; forming a pn junction in the vicinity of 
the front surface by thermally diffusing the diffusion 
source; and forming electrodes on both surfaces of the 
substrate, and wherein a depth of the diffusion is not less 
than 0.3^im and not more than 2.0|ain from the front surface 
of the substrate. 

[0117] Since the diffusion depth is limited as described 
above, the damping caused by the light absorption is 
reduced, and thereby the light emission intensity can be 
increased . 

[0118] Preferably, the substrate may be ZnTe, ZnSe or 
ZnO. Further, the diffusion source may be Al, Ga, In, or 



alloy thereof. 

[0119] According to the above -described means, the 
electro luminescence device of which a luminescence center 
wavelength is 550nm to 570nm can be obtained. 
[0120] Next, the inventors or the like cut the light 
emitting diode into chips of determined size, paclcaged them 
with resin or the lilce, and evaluated the current -voltage 
characteristics (I-V characteristics) of the packaged light 
emitting diodes by applying forward current. As a result, 
it was found that there was much current flowing in a low 
voltage region or current flowing in reverse bias (leakage 
current), and the light emission efficiency was not so good. 
[0121] Then, as a result of consideration for 
investigating of the causes, it was inferred that since the 
thermal diffusion is carried out such that the diffusion 
source is deposited over the entire front surface of the 
substrate, the pn junction interface is exposed to a 
cutting plane when the substrate is cut into chips, and 
process deterioration in the pn junction interface 
influences the increasing of the leakage current. 
[0122] That is, it was considered that although a dicing 
saw is used for cutting the substrate into chips, the pn 
junction interface, which is exposed to the cutting plane, 
deteriorates in the cutting process by the dicing saw, thus 
the leakage current increases. Generally, it is often the 
cases that a way of etching the cutting plane is applied to 



removal of the processing deteriorated layer in the pn 
junction interface. However, in the case of the ZnTe 
substrate, there is no etchant for efficiently removing Te. 
Thus, because Te remained on the cross section after 
etching, it was difficult to sufficiently reduce the 
leakage current . 

[0123] Therefore, a method other than the etching is 
required to reduce the leakage current. The inventors or 
the like investigated in more detail the causes of the 
occurrence of the leakage current, and as a result, found 
out that the leakage current at issue flowed through the pn 
Junction interface in the cutting plane. 

[0124] According to the result of the investigation, it 
was inferred that if the pn interface does not exist in the 
cutting plane of the substrate, it may be possible to 
control the leakage current after etching. Based on the 
inference, the diffusion source was deposited only on the 
portions other than portions to be cut, and the diffusion 
was performed, thereby the light emitting diode was 
manufactured by way of trial. The portions where the 
diffusion source was not deposited were cut by the dicing 
saw so that the light emitting diode was cut into chips, 
and then the I-V characteristics of the chips were 
evaluated . 

[0125] As a result, it was able to be verified that the 
leakage current in the light emitting diode did not change 



after cutting compared to that before cutting, and the 
leakage current as in a case that the pn junction interface 
was exposed to the cutting plane did not increase, so that 
the light emission efficiency may be improved. 
[0126] The sixth invention according to the present 
inventions was developed based on the above-described 
findings, and is an electro luminescence device comprising 
a compound semiconductor crystal substrate comprising a 
Group 12 (2B) element and a Group 16 (6B) element in a 
periodic table, wherein the electro luminescence device is 
produced by disposing a diffusion source including an 
element converting the substrate of a first conduction type 
into the one of a second conduction type on a front surface 
of the substrate; forming a pn junction in the vicinity of 
the front surface of the substrate by thermally diffusing 
the diffusion source; and forming electrodes on both 
surfaces of the substrate, and wherein the pn junction is 
formed so that a junction interface will not be exposed to 
the front surface of the substrate after etching at a 
cutting plane in the vertical direction. 
[0127] Accordingly, the pn junction interface is not 
exposed to the cutting plane, so that the leakage current, 
which flowed through the pn junction interface in the 
cutting plane, is extremely reduced and the light emission 
efficiency can be improved. 

[0128] With the substrate, the diffusion source may be 



partially deposited on a portion which is inside at a 
predetermined distance from the peripheral edge portion of 
the substrate, and the diffusion source may constitute one 
of the electrodes . 

[0129] Preferably, the substrate may be any one of ZnTe, 
ZnSe and ZnO. Further, the diffusion source may be Al, Ga, 
In, or alloy thereof. 

[0130] The electro luminescence device may be produced 
by disposing a mask on the substrate, the mask covering at 
least a portion through which a cutting means passes, the 
cutting means cutting the substrate into chips of an 
electro luminescence device, and the mask having opening in 
a portion where the diffusion source is disposed; 
depositing partially the diffusion source through the mask; 
forming a pn junction by thermally diffusing the diffusion 
source; forming electrodes on front and rear of the 
substrate; and thereafter cutting the substrate into chips 
by a predetermined cutting means at a portion which was 
covered with the mask and on which the diffusion source was 
not deposited. Preferably, the cutting means is a dicing 
saw, and the portion of the substrate through which the 
cutting means passes is formed in a width which is not less 
than double of a width of a blade of the dicing saw. 

Brief Description of Drawings 

[0131] FIG. 1 is a reference view schematically showing 



fabricating process of light emitting diode as an electro 
luminescence device according to the present invention; 
wherein (a) is a schematic view before diffusing the 
diffusion source; and (b) is a schematic view after 
diffusing it . 

[0132] FIG. 2 is a schematic view showing a schematic 
constitution and light emitting state of the light emitting 
diode according to the present invention . 

[0133] FIG. 3 is a graph showing a relation between heat 
treating temperature and diffusion time in the producing 
method of the electro luminescence device according to the 
present invention . 

[0134] FIG. 4 is a graph showing a relation between PL 
intensity and carrier density of the substrate. 
[0135] FIG. 5 is a graph showing a result of measuring a 
cross section of the substrate by the EBIC method after 
diffusing the diffusion source. 

Preferred Embodiment of the Invention 
( First embodiment ) 

[0136] The electro luminescence devices will be 
explained with reference to FIG. 1 and FIG. 2. The p-type 
ZnTe substrates in which etch pit density on the front 
surface was 2,000/cm\ 8,000/cm^, or 60,000/cm\ the etch 
pits being obtained by immersing the substrate in 10 mol% 
NaOH solution for 4 minutes at 100°C, were used. The 
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electro luminescence device was fabricated by depositing an 
Al diffusion source on the front surface of the substrate, 
forming a pn junction by thermally diffusing the diffusion 
source into the substrate, and providing electrodes. 
[0137] FIG. 1 is a reference view schematically showing 
fabricating process of light emitting diode as the electro 
luminescence device according to the present invention , 
FIG. 2 is a schematic view showing a schematic constitution 
and light emitting state of the light emitting diode 
according to the present invention. 

[0138] A p-type ZnTe single crystal substrate in which P 
(phosphorus) was doped and carrier density was 3 X lO^'^/cm^ 
was used as a substrate 1. The polished substrate 1 was 
(iegreased in acetone, and thereafter cleaned with ultra 
pure water. Thereafter, the substrate 1 was etched in 2% 
Br-methanol solution for 5 minutes and cleaned with ultra 
pure water, and then set in a vacuum evaporator. 
[0139] The vacuum evaporator was evacuated to a vacuum 
level of not more than 2 X lO'^Torr, and Al of diffusion 
source 2 was deposited over the front surface of the 
substrate in a thickness of 4,000A. 

[0140] Thereafter, the substrate 1 was talcen out of the 
vacuum evaporator, and then disposed in a temperature flat 
zone of a diffusion furnace, which had a reaction tube made 
of quartz and was capable of being evacuated. 
[0141] Then, the inside of the diffusion furnace was 



evacuated, thereafter nitrogen gas was applied for 
substitution. After these operations were repeated several 
times, a heat treatment was carried out for 30 minutes at 
550''C, while applying the nitrogen gas. 

[0142] By this heat treatment, the Al as the diffusion 
source 2 was diffused into inside of the substrate in a 
depth of 2\Am from the front surface of the substrate, and 
thereby an Al diffusion layer 3 was formed, so that a pn 
junction was formed. In the figure, numeral 4 denotes a pn 
junction interface formed at a position where a depth from 
the front surface of the substrate is 2\m[. 
[0143] After cooling, the substrate 1 was taken out of 
the furnace. A protective film was formed on a portion of 
the front surface to leave a part of the Al remained on the 
front surface, and the substrate 1 was etched. The 
remained Al will be employed for a surface electrode. 
Thereafter, the front surface was protected by resist, and 
thereafter gold was plated on a rear surface as an 
electrode. Thus, the light emitting diode as the electro 
luminescence device was fabricated . 

[0144] Applying the predetermined current to these light 
emitting diodes fabricated by employing the substrates 
having different etch pit densities, the light emission 
characteristics were compared to one another. 
[0145] With the light emitting diodes fabricated by 
using the substrates in which etch pit density on the front 



surface was 2,000/cm^ or 8,000/cm\ light emission LI in a 
wavelength range (550 to 630nm) of green to orange was 
observed in a light emitting region al in a side of the Al 
diffusion layer 3 against the pn junction interface 4. 
[0146] Further, light emission L2 in a wavelength range 
(580 to 630nm) of yellow to orange was observed in a light 
emitting region a2 in a side of the substrate 1 against the 
pn junction interface 4. 

[0147] On the other hand, with the light emitting diode 
fabricated by using the substrates in which etch pit 
density on the front surface was 60,000/cm^, no light 
emission was observed in either light emitting regions. 

(Second embodiment) 

[0148] The electro luminescence devices will be 
explained with reference to FIG. 1 and FIG. 2. The p-type 
ZnTe substrates in which inclusion density on the front 
surface was several/cm^, 4,000/cm^, 50,000/cm\ or 
200,000/cm^ were employed. Each electro luminescence 
device was fabricated by depositing an Al diffusion source 
on the front surface of the substrate, forming a pn 
junction by thermally diffusing the diffusion source into 
the substrate, and providing electrodes. 
[0149] With respective specimens, cleaning of the 
substrates, deposition of the diffusion sources, heat 
treatment (thermal diffusion), and forming of the 



electrodes were carried out as In the above-described first 
embodiment, thereby the light emitting diodes as the 
electro luminescence devices were fabricated. 
[0150] Applying current to these light emitting diodes, 
and comparing the light emission characteristics to one 
another, the light emission from green to yellow was 
verified from all light emitting diodes. 

[0151] With the light emitting region al in the side of 
the Al diffusion layer 3 against the pn junction interface 
4, the current/voltage characteristics of each light 
emitting diode were compared with one another. As a result, 
in the light emitting diodes fabricated by using substrates 
in which inclusion density on the front surface was 
several/cm^, 4,000/cm\ or 50,000/cm\ the current rapidly 
rose at a voltage within a range of from IV to 1.2V. When 
the voltage was less than that, little current flowed. It 
began to emit light within a voltage range of from 2V to 
2.4V, and the light emission efficiency was high about 1%. 
[0152] The light emission LI emitted from the light 
emitting region al in the side of the Al diffusion layer 3 
against the pn junction interface 4 had the wavelength 
range (550 to 630nm) of from green to orange. The light 
emission L2 in the wavelength range (580 to 630nm) of from 
yellow to orange was observed in the light emitting region 
a2 in the side of the substrate 1 against the pn junction 
interface 4. 



[0153] On the other hand, with the light emitting diode 
fabricated by using the substrate in which inclusion 
density on the front surface was 200,000/cm\ the current 
began to rise at a voltage of about 0.6V. It began to emit 
light when the voltage of 4V was applied thereto, however, 
the light emission efficiency was 0-01%, which was 
extremely low. 

( Third embodiment ) 

[0154] The electro luminescence devices will be 
explained with reference to FIG. 1 and FIG. 2. The p-type 
ZnTe substrates in which inclusion density on the front 
surface was several/cm\ 4,000/cm\ 50,000/cm^, or 
200,000/cm^ were used for the electro luminescence devices. 
The electro luminescence device was fabricated by 
depositing In diffusion source on the front surface of the 
substrate, forming a pn junction by thermally diffusing the 
diffusion source into the substrate, and providing 
electrodes . 

[0155] With respective specimens, cleaning of the 
substrates, deposition of the diffusion sources, heat 
treatment (thermal diffusion), and forming of the 
electrodes were carried out as in the above-described first 
embodiment, thereby the light emitting diodes as the 
electro luminescence devices were fabricated. 
[0156] Applying current to these light emitting diodes. 



and comparing the light emission characteristics to one 
another, the light emission from green to red was verified 
from all light emitting diodes. 

[0157] With the light emitting region al in a side of a 
In diffusion layer 3 against the pn junction interface 4, 
the current/voltage characteristics of each light emitting 
diode were compared with one another. As a result, in the 
light emitting diodes fabricated by using substrates in 
which inclusion density on the front surface was 
several/cm\ 4,000/cm^, or 50,000/cm\ the current rapidly 
rose at a voltage within a range of from 2.1V to 2.5V. 
When the voltage was less than that, little current flowed. 
[0158] It began to emit light at a voltage within a 
range of from 2.5V to 3.0V, and the light emission 
efficiency was about 1%, which was high. 
[0159] The light emission LI emitted from the light 
emitting region al in the side of the In diffusion layer 3 
against the pn junction interface 4 had the wavelength 
range (550 to 700nm) of from green to red. Further, the 
light emission L2 in the wavelength range (610 to 700nm) of 
from orange to red was observed in the light emitting 
region a2 in the side of the substrate 1 against the pn 
junction interface 4. 

[0160] On the other hand, with the light emitting diode 
fabricated by using the substrate in which inclusion 
density on the front surface was 200,000/cm\ the current 



began to rise at a voltage of about 0.5V. It began to emit 
light when the voltage of 5V was applied thereto, however, 
the light emission efficiency was 0.01%, which was 
extremely low. 

( Fourth embodiment ) 

[0161] The electro luminescence devices will be 
explained with reference to FIG. 1 and FIG. 2. The p-type 
ZnTe substrates in which inclusion density on the surface 
was 4,000/cm^, 50,000/cm^, or 200,000/cm^ were used for the 
electro luminescence devices. The electro luminescence 
device was fabricated by depositing a diffusion source 
comprising Al and In on the front surface of the substrate, 
forming a pn junction by thermally diffusing the diffusion 
source into the substrate, and providing electrodes. 
[0162] With respective specimens, cleaning of the 
substrates, deposition of the diffusion sources, heat 
treatment (thermal diffusion), and forming of the 
electrodes were carried out as in the above-described first 
embodiment . Thereby the light emitting diodes as the 
electro luminescence devices were fabricated. As the 
diffusion sources, several kinds of the diffusion sources, 
each of which having different alloy compositions of Al and 
In, were used. 

[0163] Applying current to these light emitting diodes, 
and comparing the light emission characteristics one 



another, the light emission LI emitted from the light 
emitting region al in the side of the diffusion layer 3 
against the pn junction interface 4 had the wavelength 
range (500 to 700nm) of from green to red. Further, the 
light emission L2 emitted from the light emitting region a2 
in the side of the substrate 1 against the pn junction 
interface 4 had the wavelength range (580 to VOOnm) of from 
yellow to red. 

[0164] With the wavelength of light emission from the 
light emitting region a2 in the side of the substrate 1, it 
was observed that an intensity ratio between yellow and red 
was varied with the composition of Al and In. 
[016 5] That is, the larger the Al composition was, the 
stronger the yellow light emission intensity became , while 
the larger the In composition was, the larger the intensity 
ratio of red became. It was found accordingly that the 
wavelength, which was measured by a color luminance meter, 
varied from yellow to red. 

[0166] As described above, according to the light 
emitting diodes as the electro luminescence devices of the 
first to fourth embodiments, since the dislocation density, 
etch pit density or inclusion density in the pn junction 
interface is low, the lealcage current caused by the 
recombination is small, and thus efficient light emission 
can be produced. 

[0167] As for the p-type ZnTe substrate, it is not 



limited to the case that P is doped into the substrate as 
in the above -described embodiment. The Group 15 (5B) 
elements, such as As, Sb or the like, or the Group 11 (IB) 
elements, such as Cu, Ag, Au or the like may be doped into 
the substrate. 

[0168] Further, n-type ZnTe substrate may be used in 
place of the p-type ZnTe substrate- In this case, the 
Group 13 (3B) elements of Al, Ga, In or the like, or the 
Group 17 (7B) elements of CI, Br, I or the like may be 
doped. Not only ZnTe, but also ZnSe or ZnO may be employed 
for the substrate material. 

[0169] Furthermore, the diffusion source is not required 
to be deposited on the front surface of the substrate as in 
the above- described examples. For example, element 
converting the conduction type of the substrate into 
another one or diffusion source including the element may 
be disposed at a position apart from the substrate, and the 
element or the diffusion source may be thermally diffused 
from the front surface of the substrate by heating the 
element or the diffusion source. Alternatively, supplying 
gas including element to be diffused to the front surface 
of the substrate, the element may be thermally diffused 
from the front surface of the substrate. 

(Fifth embodiment) 

[0170] The method for fabricating an electro 



luminescence device will be explained with reference to FIG 
1 and FIG. 2. The method comprises the steps of providing 
a p-type ZnTe substrate, depositing a diffusion source on 
the front surface of the substrate, forming a pn junction 
by thermally diffusing the diffusion source into the 
substrate, and providing electrodes. 

[0171] A p-type ZnTe single crystal substrate in which, 
for example, P is doped and carrier density is 3 X lO^Vcm^ 
is used as a substrate 1. The polished substrate 1 is 
degreased in acetone, and thereafter cleaned with ultra 
pure water. Thereafter, the substrate 1 is etched in 2% 
Br-methanol solution for 5 minutes and cleaned with ultra 
pure water, and then set in the vacuum evaporator. 
[0172] The vacuum evaporator is evacuated to a vacuum 
level of not more than 2 X lO'^Torr, and diffusion source 2 
for example, Al and Si are deposited over the front surface 
of the substrate in a thickness of 1,000 to 10,000A, 
preferably in a thickness of 1,500 to 5,000A. 
[0173] The diffusion source 2 has an effect on 
prevention that a defect (vacancy, or defect including the 
vacancy) compensating a level showing the conduction type 
(n-type), which is different from the conduction type (p- 
type) of the substrate 1, is formed during diffusion step. 
The diffusion source 2 also has an effect on gettering 
impurity (for example, at least one of O, Li, Ag, Cu, and 
Au) in the front surface of the substrate. 
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[0174] In this case, the diffusion source 2 comprises Al 
and Si, however, it is not limited to this. It may 
comprise Ga, In or alloy including them, or CI, Br, I or 
alloy including them in place of Al. Furthermore, B 
(boron) or C (carbon) may be employed in place of Si. 
[0175] The diffusion source 2 may be constituted so that 
the Gibbs ' free energy (G = F + pV: thermodynamic 
characteristic function) of a compound comprising the 
element constituting the diffusion source 2 and the 
impurity in the substrate 1 may be smaller than the Gibbs ' 
free energy of a compound of the constitute element of the 
substrate 1 and the impurity in the substrate 1 at the 
diffusion temperature - 

[0176] It is an essential condition that the element 
(for example. Si) included in the diffusion source 2 and 
gettering the impurity in the substrate 1 has a slow 
diffusion rate in the substrate compared with the element 
(for example, Al) converting the substrate 1 of the first 
conduction type into the one of the second conduction type 
That is, if this condition is not satisfied, the pn 
junction is not formed ultimately, which is verified with 
experiments by inventors or the like. 

[0177] To the method for depositing the diffusion source 
2, a sputtering method, a resistance heating method, an 
electron beam method, or the like may be applied. 
[0178] Next, the substrate 1 is taken out of the vacuum 



evaporator, and then disposed in a temperature flat zone of 
a diffusion furnace, which has a reaction tube made of, for 
example, quartz and is capable of being evacuated. 
[0179] Then, the inside of the diffusion furnace is 
evacuated, thereafter nitrogen gas is applied for 
substitution. After these operations are repeated several 
times , a heat treatment is carried out on predetermined 
conditions, while applying the nitrogen gas. 
[0180] These heat treatment conditions are determined by 
the range in which the finally formed light emitting 
element emits light, the range being a result of the 
experiments by the inventors or the lilce. That is, as 
shown in the graph in FIG. 3, showing the relation between 
the heat treating temperature and the diffusion time, 
excellent result can be obtained when the diffusion time is 
set so that it will be longer than the time specified by a 
relational expression Y= 2 X 10^exp( -0 • 018T) , showing the 
relation between the diffusion time Y and the heat treating 
temperature T, within a range of the heat treating 
temperature of 300 to 700°C. 

[0181] As a result of this heat treatment, layers of Al 
and Si as the diffusion source 2 thermally diffuse 
alternately to form Al diffusion layer and Si diffusion 
layer in turn. These Al and .Si diffusion layers constitute 
the diffusion layer 3, thus the pn Junction interface 4 is 
formed between the substrate 1 and the diffusion layer 3. 



[0182] It is verified with the experiments by the 
inventors or the like that remaining of the diffusion 
source 2 in a predetermined thickness after the heat 
treatment is an essential condition for forming the light 
emitting element. 

[0183] In the above-described embodiment, remaining of 
the diffusion source 2 in a thickness of not less than lOOA, 
preferably, not less than 300A, is the essential condition. 
Accordingly, the heat treating temperature and the 
diffusion time during the diffusion are set so that these 
will satisfy the relation between the heat treating 
temperature and the diffusion time, as shown in FIG. 3, and 
the diffusion source 2 will remain in the determined 
thickness after diffusion. 

[0184] Then, the substrate 1 heat treated as described 
above is cooled, and thereafter taken out. The Si 
diffusion layer on the front surface of the substrate 1 is 
removed therefrom by etching or the like. 

[0185] Thereafter, the front surface is protected with 
resist, and then gold is plated on a rear surface as an 
electrode. Thus, the light emitting diode as the electro 
luminescence device is fabricated. 

( Sixth embodiment ) 

[0186] The electro luminescence devices fabricated by 
using ZnTe substrates according to the method for producing 



an electro luminescence device explained in the fifth 
embodiment will be explained. The electro luminescence 
devices were fabricated by depositing Al diffusion sources 
on the front surfaces of the substrates, forming pn 
junctions by heat treating the diffusion sources on 
different conditions for diffusing the diffusion sources 
into the substrates, and providing electrodes. 
[0187] A p-type ZnTe single crystal substrate in which 
carrier density is 5 X lO^Vcm^ was employed for a substrate 
1. The polished substrate 1 was degreased in acetone, and 
thereafter cleaned with ultra pure water. Thereafter, the 
substrate 1 was etched in 2% Br-methanol solution for 5 
minutes and cleaned with ultra pure water, and then set in 
a vacuum evaporator. The vacuum evaporator was evacuated 
to a vacuum level of not more than 2 X lO'^Torr, and Al as 
a diffusion source 5 was deposited over the front surface 
in a thickness of 4,000A. 

[0188] Next, the substrate 1 was taken out of the vacuum 
evaporator, and then disposed in a temperature flat zone of 
a diffusion furnace (Rapid Thermal anneal furnace). Then, 
the inside of the diffusion furnace was evacuated, 
thereafter nitrogen gas was applied for substitution. 
After these operations were repeated several times, a heat 
treatment was carried out on such conditions as shown in 
Table 2, while applying the nitrogen gas. 

[0189] After cooling, the substrate 1 was taken out. An 



Al deposited surface and a side surface were coated with 
resist. Gold as an electrode was plated on a surface 
opposite the Al deposited surface by an electroless plating 
method. A heat treatment was performed for 5 minutes at 
200°C for taking ohmic between the ZnTe substrate and the 
gold, thus the light emitting diode as the electro 
luminescence device was fabricated. 

[0190] The electro luminescence of the light emitting 
diodes fabricated in this way was observed with a 
potentiostat , and the result is shown in Table 2. 
[Table 2] 

Relation between heat treatment conditions and electro 
luminescence 



Heating 
tempera- 
ture (°C) 


Time 
(minute ) 


Lumines- 
cence 


Time 
(minute) 


Lumines- 
cence 


Time 
(minute) 


Lumines- 
cence 


600 


2 


X 


4 


O 


10 


0 


650 


1 


X 


1.5 


O 


5 


O 


700 


0.167(10 
seconds ) 


X 


0.5 


O 


1 


0 



O: emit light X: not emit light 



[0191] When the heating temperature was 600°C, the light 
emitting diode did not emit light in a case of 2 minutes 
heat treatment , while it emitted light in cases of 4 
minutes and 10 minutes heat treatments. 

[0192] When the heating temperature was 6 50°C, the light 
emitting diode did not emit light in a case of 1 minute 
heat treatment, while it emitted light in cases of 1.5 



minutes and 5 minutes heat treatments - 

[0193] When the heating temperature was 700°C, the light 

emitting diode did not emit light in a case of 0.167 minute 

(about 10 seconds) heat treatment, while it emitted light 

in cases of 0.5 or 1 minute heat treatments. 

[0194] The colors of the emitted light were green and 

yellow, and the light emitting diode emitted light 

ununif ormly inplane . 

[0195] As a result of measuring the I-V characteristics, 
it was found that the light emitting diode showed the 
rectifying characteristics . 

[019 6] Furthermore, when the thickness of the n-type Al 
diffusion layer was measured by the EBIC method, it was 1 
to 2[iin. 

( Seventh embodiment ) 

[019 7] The electro luminescence devices fabricated by 
depositing the Al diffusion sources in a thickness of 
2,000A in the sixth embodiment, and thermally diffusing 
them on the conditions as shown in Table 3 will be 
explained. The processes of the cleaning of the substrate, 
the forming of the electrodes or the like were carried out 
as in the sixth embodiment. 

[0198] The electro luminescence of the light emitting 
diodes fabricated in this way was observed with a 
potentiostat , and the result is shown in Table 3. 



[Table 3] 

Relation between heat treatment conditions and electro 
luminescence 



Heating 
tempera- 
ture (°C) 


Time 
(minute ) 


Lumines- 
cence 


Time 
(minute) 


Lumines- 
cence 


Time 
(minute) 


Lumines- 
cence 


300 


480 


X 


960 


0 


1440 


0 


400 


60 


O 


150 


0 


480 


0 


500 


15 


X 


30 


O 


60 


0 



O: emit light X: not emit light 



[0199] When the heating temperature was 300°C, the light 
emitting diode did not emit light in a case of 480 minutes 
heat treatment, while it emitted light in cases of 60 
minutes and 1440 minutes heat treatments, 

[0200] When the heating temperature was 400°C, the light 

emitting diode emitted light in all cases of 60 minutes, 

150 minutes and 480 minutes heat treatments. 

[0201] When the heating temperature was 500°C, the light 

emitting diode did not emit light in a case of 15 minutes 

heat treatment, while it emitted light in cases of 30 

minutes and 60 minutes heat treatments. 

[0202] In the case of that the light emitting diode 

emitted light, when gradually increasing the voltage in 

forward direction, it emitted light from about 3.5V, and 

the colors thereof were green and yellow. 

[0203] The light emitting diode, which was heat treated 
for 480 minutes at 400°C, emitted light more uniform than 
the one, which was heat treated for 60 minutes at 400°C. 



[0204] As a result of measuring I-V characteristics, the 
light emitting diode showed the rectifying characteristics. 

(Eighth embodiment) 

[0205] The electro luminescence devices fabricated by 
depositing In as the diffusion source in a thickness of 
2,500A in the sixth embodiment, and thermally diffusing it 
on the conditions as shown in Table 4 will be explained. 
The processes of the cleaning of the substrate, the forming 
of the electrode or the like were carried out as in the 
sixth embodiment. 

[0206] The electro luminescence of the light emitting 
diodes fabricated in this way was observed with a 
potentiostat , and the result is shown in Table 4. 
[Table 4] 

Relation between heat treatment conditions and electro 
luminescence 



Heating 
tempera - 
ture(°C) 


Time 
(minute) 


Lumines- 
cence 


Time 
(minute) 


Lumines - 
cence 


Time 
(minute) 


Lumines- 
cence 


300 


480 


X 


960 


O 


1440 


0 


400 


60 


X 


150 


O 


480 


0 


500 


15 


X 


30 


O 


60 


0 



O: emit light X: not emit light 



[0207] When the temperature condition was 300°C, the 
light emitting diode did not emit light in a case of 480 
minutes heat treatment, while it emitted light in cases of 
960 minutes and 1440 minutes heat treatments. 



[0208] When the temperature condition was 400°C, the 

light emitting diode did not emit light in a case of 60 

minutes heat treatment, while it emitted light in cases of 

150 minutes and 480 minutes heat treatments. 

[0209] When the temperature condition was 500°C, the 

light emitting diode did not emit light in a case of 15 

minutes heat treatment, while it emitted light in cases of 

30 minutes and 60 minutes heat treatments. 

[0210] The color of emitted light was yellow. 

[0211] As a result of measuring I-V characteristics, the 

light emitting diode showed the rectifying characteristics . 

(Ninth embodiment) 

[0212] The electro luminescence devices fabricated by 
depositing In as the diffusion source in a thickness of 
2,000A in the sixth embodiment, and thermally diffusing it 
on the conditions as shown in Table 5 will be explained. 
The processes of the cleaning of the substrate, the forming 
of the electrode or the like were carried out as in the 
s ixth embodiment . 

[0213] The electro luminescence of the light emitting 
diodes fabricated in this way was observed with a 
potentiostat , and the result is shown in Table 5. 



57 



[Table 5] 

Relation between heat treatment conditions and electro 
luminescence 



Heating 
tempera- 
ture C'C) 


Time 
(minute ) 


Lumines- 
cence 


Time 
(minute ) 


Lumines - 
cence 


Time 
(minute ) 


Lumines- 
cence 


550 


5 


X 


10 


O 


60 


O 


650 


1 


X 


1,5 


O 


5 


O 


700 


0. 167 


X 


0.5 


O 


1 


O 



O: emit light X: not emit light 



[0214] When the heating temperature was 550°C, the light 
emitting diode did not emit light in a case of 5 minutes 
heat treatment, while it emitted light in cases of 10 
minutes and 60 minutes heat treatments. 

[0215] When the heating temperature was 650°C, the light 
emitting diode did not emit light in a case of 1 minute 
heat treatment, while it emitted light in cases of 1.5 
minutes and 5 minutes heat treatments. 

[0216] When the heating temperature was 700^*0, the light 
emitting diode did not emit light in a case of 0.167 minute 
(about 10 seconds) heat treatment, while it emitted light 
in cases of 0.5 minute and 1 minute heat treatments. 
[0217] The colors of emitted light were green and red. 
[0218] As a result of measuring I-V characteristics, the 
light emitting diode showed the rectifying characteristics. 
[0219] According to the above-described fifth to ninth 
embodiments, the diffusion source disposed on the front 
surface of the substrate prevents that the defect is formed 
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during the diffusion process, the defect compensating the 
level showing the conduction type which is different from 
the conduction type of the substrate. Furthermore, the 
diffusion source getters the impurity on the front surface 
of the substrate, thus the effect of self compensation is 
prevented and the purity of the crystal surface can be 
improved. Therefore, the light emitting element can be 
stably produced by controlling the conduction type of the 
Group I I -VI compound semiconductor, which was difficult 
conventionally. 

(Tenth embodiment) 

[0220] The electro luminescence devices fabricated by 
using substrates which were sliced from ZnTe semiconductor 
single crystal at {lll)Zn plane, (lll)Te plane, (001) plane 
or (Oil) plane will be explained. The electro luminescence 
device was fabricated by depositing Al diffusion source on 
the front surface of the substrate, forming a pn junction 
by thermally diffusing the diffusion source into the 
substrate, and providing electrodes. The (lll)Zn plane and 
(lll)Te plane, both of which fall into (111) plane category, 
were judged by the surface pits occurred on the front 
surface of specimens by hydrochloric acid treatment . 
[0221] At first, a ZnTe semiconductor single crystal was 
grown from melt so that the dislocation density would be 
not more than 5,000/cm^. The crystal was sliced along the 



(lll)Zn plane, (lll)Te plane, (001) plane or (Oil) plane to 
obtain the substrates. 

[0222] Next, after lapping (lapping) the front surface 
of each specimen, the surface was removed in several 
micrometers with hydrobromic acid system etchant (for 
example, hydrobromic acid: lOOml/1 + bromine: 5ml/l) . The 
etchant may be bromine system of 3% bromine-methanol or the 
like . 

[02 23] Thereafter, each specimen was loaded in a vacuum 
evaporator, and the vacuum evaporator was evacuated to a 
vacuum level of not more than 2 X 10"^Torr. Al as the 
diffusion source was deposited over the front surface of 
each specimen in a thickness of 1,000 to 10,000A, 
preferably 1,500 to 5,000A by the EB (electron beam method) 
heating . 

[0224] The diffusion source is not limited to Al . Ga, In, 
or alloy thereof, or CI, Br, I, or alloy thereof may be 
employed in place of Al . 

[0225] Respective specimens having front surfaces on 
which Al was deposited were loaded in a diffusion furnace, 
and thermal diffusion was carried out on a condition of 16 
hours at 420°C under nitrogen atmosphere- After the 
thermal diffusion process, the rear surface of the specimen 
was plated with gold as an electrode by electroless plating 
solution. After plating, the alloying heat treatment was 
carried out, so that light emitting diodes as the electro 
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luminescence devices were fabricated. 

[0226] With respective light emitting diodes fabricated 
by using the four type specimens (substrates) as above- 
described, the Al remained on the front surface and the 
gold plating formed on the rear surface were used as 
electrodes and the light emission characteristics or the 
like were evaluated by turning on electricity. 
[0227] As a result, with the light emitting diode 
fabricated by using the substrate having substrate plane of 
(lll)Te plane, leakage current was large, and it was 
possible to observe only very small spot -like green light 
emission. Thus, the light emission characteristic was 
inferior . 

[0228] On the other hand, with other light emitting 
diodes fabricated by using the substrates having substrate 
plane of (lll)Zn plane, (001) plane or (Oil) plane, it was 
possible to observe green light emission from entire front 
surface, and thus it was possible to verified that the 
light emission characteristics were superior. 



( Eleventh embodiment ) 

[0229] The electro luminescence devices fabricated by 
using substrates which were sliced from ZnTe semiconductor 
single crystal in 10 degrees off -angles from (lll)Zn plane, 
(lll)Te plane, (001) plane or (Oil) plane will be explained. 
The electro luminescence device was fabricated by 



depositing Al diffusion source on the front surface of the 
substrate, forming a pn junction by thermally diffusing the 
diffusion source into the substrate, and providing 
electrodes. The (lll)Zn plane and (lll)Te plane, both of 
which fall into (ill) plane category, were judged by the 
surface pits occurred on the front surface of specimens by 
hydrochloric acid treatment , as in the tenth embodiment . 
[0230] At first, a ZnTe semiconductor single crystal was 
grown from melt so that the dislocation density would be 
not more than 5,000/cm^. The crystal was sliced in 10 
degrees off-angles from the (lll)Zn plane, (lll)Te plane, 
(001) plane or (Oil) plane to obtain the substrates. 
[0231] Then, with respective specimens, light emitting 
diodes as the electro luminescence devices were fabricated 
with the same process as in the tenth embodiment as above- 
described . 

[0232] With respective light emitting diodes fabricated 
by using the four type specimens (substrates) as above- 
described, the Al remained on the front surface and the 
gold plating formed on the rear surface were used as 
electrodes and the light emission characteristics or the 
like were evaluated by turning on electricity. 
[0233] As a result, with the light emitting diode 
fabricated by using the substrate having substrate plane 
inclining 10 degrees from the {lll)Te plane, there were 
portions emitting no light. Although there were portions 



emitting light, it was weak green light. Thus, the 
luminescence characteristic was inferior. 
[0234] On the other hand, with other light emitting 
diodes fabricated by using the substrates each having 
substrate plane inclining 10 degrees from the (lll)Zn plane, 
(001) plane or (Oil) plane, it was possible to observe 
green light emission from entire front surface. Thus it 
was possible to verified that the light emission 
characteristics were superior. The inclining angle is not 
limited to 10 degrees. The angle within 10 degrees may be 
possible. 

[0235] According to the producing method of electro 
luminescence device concerning with the tenth and eleventh 
embodiments, by limiting the substrate plane orientation, 
the light emitting diodes having superior light emission 
characteristics can be stably produced. 

(Twelfth embodiment) 

[0236] The electro luminescence devices fabricated by 
using ZnTe substrates, depositing Al diffusion sources in 
different thicknesses on the front surfaces of the 
substrates, forming pn junctions by thermally diffusing the 
diffusion sources into the substrates, and providing 
electrodes will be explained. 

[0237] At first, a ZnTe semiconductor single crystal was 
grown from melt so that the dislocation density would be 



not more than 5,000/cm^ to obtain the substrates of the 
electro luminescence devices according to this embodiment. 
[0238] Next, after removing the front surfaces of the 
ZnTe substrates in several [xm with bromine system etchant, 
the substrates were disposed in a vacuum evaporator. Then, 
the Al diffusion sources 1 were deposited over front 
surfaces in film thicknesses of 5nm, lOnm, 20nm, 50nm, 
lOOnm, 200nm and 500nm, respectively, by the EB (electron 
beam method) heating. 

[0239] Next, the substrates having the front surfaces on 
which Al diffusion source was deposited were disposed in 
the diffusion furnace, and diffusion process was carried 
out for 16 hours at 420°C under nitrogen atmosphere, so 
that pn junctions were formed. After the diffusion process, 
the diffusion sources were remained on all specimens. 
[0240] After the diffusion process, a substrate plane 
opposite to the plane on which the Al diffusion source was 
formed was plated with gold as an electrode by electroless 
plating solution. After plating, the alloying heat 
treatment was carried out, so that light emitting diodes 
according to this embodiment were fabricated. 
[0241] The light emission obtained through the Al 
diffusion source with the respective fabricated light 
emitting diodes was observed, and the result thereof is 
shown in Table 6 . 



[Table 6] 



Al film 
thickness (nm) 


Green light 
emission 


Yellow light 
emission 


5 


© 


A 


10 


© 


A 


20 


© 


A 


50 


o 


o 


100 


A 


o 


200 


A 


0 


500 


A 


0 



[0242] From the light emitting diodes fabricated by 
depositing the Al diffusion source in the film thicknesses 
of 5, 10, 20, and 50nm, the green light emission was 
observed. Particularly, with the light emitting diodes 
fabricated by depositing the Al diffusion source in the 
film thicknesses of 5, 10, and 20nm, stable green light 
having high light emission intensity was visible. 
[0243] On the other hand, with the light emitting diodes 
fabricated by depositing the Al diffusion source in the 
film thicknesses of 100, 200, and 500nm, the yellow light 
became stronger than the green light in the relative 
intensity. Furthermore, current value decreased and the 
total light emission intensity lowered compared with the 
light emitting diodes fabricated by depositing the Al 
diffusion source in the film thicknesses of 5, 10, 20, and 
50nm. 

[0244] The invention achieved by the inventors is 



explained concretely based on the examples, however, the 
invention is not limited to the examples. For example, 
when ZnSe, ZnO or the like is employed for the Group I I -VI 
compound semiconductor crystal substrate, the same effect 
may be expected. Furthermore, as the diffusion source, for 
example, Ga, In, or alloy thereof may be expected to have 
the same effect. 

(Thirteenth embodiment) 

[0245] The electro luminescence devices fabricated by 
using ZnTe substrates having different carrier density, 
depositing Al diffusion sources on the front surfaces of 
the substrates, forming pn junctions by thermally diffusing 
the diffusion sources into the substrates, and providing 
electrodes will be explained. 

[0246] At first, a ZnTe semiconductor single crystal was 
grown from melt so that the dislocation density would be 
not more than 5,000/cm^. This was employed as the 
substrates of the electro luminescence devices according to 
this embodiment. Predetermined amount of Zn3P2 (zinc 
phosphide) was added as dopant, and thus carrier densities 
of the ZnTe crystals were 7 X 10^^ 1 X 10^'' , 3 X 10^\ 5 X 
10'\ 9 X 10^\ 2 X 10^^ 5 X 10^®, and 7 X lO^^cm'^ 
[0247] The desired carrier density is achieved by 
adjusting of the amount of ZnaPa added to ZnTe. For example, 
adding Zn3P2 of lOmg to ZnTe of 540g achieves the carrier 



density of 5 X 10^"^ cm"^. The values of the carrier 
densities were measured by four terminals method after 
crystal growth. 

[0248] Next, after lapping (lapping) the front surface 
of each substrates, the front surface was removed in 
several micrometers with hydrobromic acid system etchant 
(for example, hydrobromic acid: lOOml/1 + bromine: 5ml/l) . 
The etchant may be bromine system of 3% bromine -methanol or 
the like . 

[024 9] Thereafter, each specimen was loaded in a vacuum 
evaporator, and the vacuum evaporator was evacuated to a 
vacuum level of not more than 2 X lO'^Torr, Al as the 
diffusion source was deposited over each front surface of 
the substrate in a thickness of 150nm by the EB (electron 
beam method) heating. 

[0250] Respective specimens having front surfaces on 
which Al diffusion source was deposited were loaded in a 
diffusion furnace, and thermal diffusion was carried out on 
a condition of 16 hours at 420°C under nitrogen atmosphere. 
After the thermal diffusion process, the rear surface of 
the substrate was plated with gold as an electrode by 
electroless plating solution. After plating, the alloying 
heat treatment was carried out, so that light emitting 
diodes of this embodiment were fabricated - 

[0251] With respective light emitting diodes fabricated 
as above-described, the Al diffusion source remained on the 



front surface, and the gold plating formed on the rear 
surface were used as electrodes, and the light emission 
characteristics were evaluated by turning on electricity. 
[0252] As a result, with the light emitting diodes 
fabricated by using the substrates in which the carrier 
density was 7 X lO'^ or 7 X 10^®cm'\ the green light 
emission was not observed under the room lighting. On the 
other hand, with the light emitting diodes fabricated by 
using the substrates in which the carrier density was 1 X 
10^\ 3 X 10'', 5 X 10'\ 7 X 10'\ 9 X 10^', 2 X 10'^ or 5 X 
10'®cm"\ it was possible to observe the green light 
emission under the room lighting. Particularly, with the 
light emitting diodes fabricated by using the substrates 
having the carrier density of 3 X 10'^ 5 X 10^', 7 X 10^^ 9 
X 10^' or 2 X 10^®, these emitted stable green light with 
high intensity. 

[0253] According to the above- described embodiment, it 
was possible to fabricate the electro luminescence device 
having superior light emission characteristics by employing 
the substrate having carrier density of 1 X 10^' to 5 X 
lO'^cm'^. 

[0254] The invention achieved by the inventors is 
explained concretely based on the examples, however, the 
invention is not limited to the examples. When the Group 
II "VI compound crystal substrate, such as ZnSe, ZnO or the 
lilce is employed for the substrate, the same effect may be 
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expected. Furthermore, as the diffusion source, for 
example, Ga, In, or alloy thereof may be expected to have 
the same effect, 



(Fourteenth embodiment) 

[0255] The electro luminescence devices fabricated by 
using ZnTe substrates, depositing Al diffusion sources on 
the front surfaces of the substrates, forming pn junctions 
by thermally diffusing the diffusion sources into the 
substrates in different depths, and providing electrodes 
will be explained. 

[0256] At first, a ZnTe semiconductor single crystal was 
grown from melt so that the dislocation density would be 
not more than 5,000/cm^. This was employed as the 
substrates of the electro luminescence devices according to 
this embodiment . 

[0257] Next, after lapping, the front surface was 
removed in several micrometers with hydrobromic acid system 
etchant (for example, hydrobromic acid: lOOml/1 + bromine: 
5ml/l) or the like. 

[0258] Thereafter, each substrate was loaded in a vacuum 
evaporator, and the vacuum evaporator was evacuated to a 
vacuum level of not more than 2 X lO'^Torr. Al as the 
diffusion source was deposited over each front surface of 
the substrate in a thicJcness of 1,000 to 10,OOOA, 
preferably, 1,500 to 5,000A by the EB (electron beam 
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method) heating. 

[0259] The substrates having front surfaces on which Al 
was deposited were loaded in turn in a diffusion furnace • 
Then, the thermal diffusion was carried out on 6 conditions 
of 0.5 hour, 2 hours, 8 hours, 16 hours, 32 hours and 72 
hours at 420°C under nitrogen atmosphere. Thereby, it is 
possible to form the pn junctions of 6 diffusion depths. 
[0260] After the thermal diffusion process, the rear 
surface of each substrate was plated with gold as an 
electrode by electroless plating solution. After plating, 
the alloying heat treatment was carried out, so that light 
emitting diodes as the electro luminescence devices were 
fabricated . 

[0261] With respective light emitting diodes, in total 6 
types, fabricated as above-described, the Al remained on 
the front surface and the gold plating formed on the rear 
surface were used as electrodes, and the light emission 
characteristics or the like were evaluated by turning on 
electricity. The result thereof as shown in Table 7 was 
obtained. 



[Table 7] 

Diffusion constant: 5.02 X 10"" (420°C) 



Diffusion 
time (hour) 


Diffusion 
time (second) 


Diffusion 
length {\m) 


Luminescence 
characteristic 


0.5 


1800 


0. 30 


A 


2 


7200 


0.60 


0 


8 


28800 


1.20 


© 


16 


57600 


1. 70 


0 


32 


115200 


2.40 


X 


72 


259200 


3.61 


X 



[0262] A position of the junction interface, that is, 
the diffusion length was specified by observing a cleavage 
surface of the substrate of each light emitting diode by 
SEM (secondary electron microscope) and with light and 
shade of the SEM image . 

[0263] As shown in Table 7, in a range of diffusion 
length of from 0.3 to about 2,0\xm (that is, when diffusion 
times were 0.5 hour, 2 hours, 8 hours and 16 hours), it was 
possible to verify the green light emission, and the light 
emission intensity was almost excellent. A luminescence 
center wavelength was 550 to 570nm. 

[0264] On the other hand, in a range that diffusion 

length exceeded 2.0njn (that is, when diffusion times were 
32 hours and 72 hours), it was difficult to observe the 
green light emission. 

[0265] Thus, the light emitting diode having high light 
emission intensity can be obtained by limiting the 
diffusion length to a range of 0.3 to about 2.0\xm. 



[0266] In this embodiment, the Al diffusion into the 
ZnTe substrate is explained with an example, however, the 
substrate and diffusion source do not limited thereto. 
When the Group II -VI substrate, such as ZnSe, ZnO or the 
like is employed for the substrate, the same effect may be 
expected. As the diffusion source, for example, Ga, In, or 
alloy thereof may be expected to have the same effect. 

( Fifteenth embodiment ) 

[0267] The electro luminescence devices fabricated by 
using ZnTe substrates, depositing Al diffusion sources on 
the front surfaces of the substrates, forming pn junctions 
by thermally diffusing the diffusion sources into the 
substrates in different depths, providing electrodes, and 
cutting into chips so that the pn junction interfaces will 
not be exposed to the cutting planes will be explained. 
[0268] At first, a ZnTe semiconductor single crystal was 
grown from melt so that the dislocation density would be 
not more than 5,000/cm^, This was employed as the 
substrates of the electro luminescence devices according to 
this embodiment. 

[0269] This substrate was lapped, and the front surface 
was removed in several micrometers with hydrobromic acid 
system etchant (for example, hydrobromic acid: lOOml/1 + 
bromine: 5ml/l) or the like. Thereafter, the substrate was 
cleaned with ultra pure water. 



[0270] Then, deposition mask in which a plurality of 
openings of 280|xm square were formed was set on the front 
surface of the substrate. Interval between the square 
openings is set as, for example, 40\xm that is about the 
double of 20|am that is width of a blade of the dicing saw 
as cutting means, which is used for cutting the substrate 
into chips in the following process. 

[0271] Thereafter, the substrates on which the masks 
were set were loaded in a vacuum evaporator, and the vacuum 
evaporator was evacuated to a vacuum level of not more than 
2 X lO'^Torr. Al as the diffusion source was deposited on 
the front surface of the substrate in a thickness of 15nm 
by the EB (electron beam method) heating. In this time, 
the Al was deposited only on the portions corresponding to 
the opening portions {280nin square openings) of the mask. 
On the periphery of the Al deposited portions, the portions 
where the Al was not deposited were formed in a width of 
40^an. 

[0272] The substrates having the front surface on which 
the Al was partially deposited were loaded in a diffusion 
furnace, and the thermal diffusion was carried out for 16 
hours at 420°C under nitrogen atmosphere. 
[0273] After the thermal diffusion process, the Al 
deposited plane of the substrate was protected with resist, 
and the rear surface of each substrate was plated with gold 
by electroless plating solution. After plating, the 



alloying heat treatment was carried out, so that electrodes 
were formed. 

[0274] Thereafter, the substrates were cut into a 
plurality of chips trough the portions of 40\xm width where 
the Al was not deposited on the front surface of the 
substrate by using the dicing saw as a cutting means 

(thickness of the blade was about 20\m) . Thus, the light 
emitting diodes as the electro luminescence devices were 
obtained. When the cutting plane of each chip was observed 
with the SEM, light and shade corresponding to the pn 
junction was not appeared. Thus, it was possible to verify 
that the pn junction interface was not exposed to the 
cutting plane. 

[0275] With respective chips of the light emitting 
diodes, the Al remained on the front surface and the gold 
plating formed on the rear surface were used as electrodes, 
and the current -voltage characteristics were evaluated by 
turning on electricity. As a result, it was verified that 
before and after cutting the substrates into the chips, 
there was no change in the amount of lealcage current , thus 
it is possible to reduce effectively the lealcage current, 
which flowed through the pn junction interface as in 
conventional technology . 

[0276] With chips that were cut from the substrate at 
approximately the centers of the Al deposited 280|Ltm squares, 
the current -voltage characteristics of the chips were 



evaluated similarly for comparison. As a result, it was 
verified that the leakage current increased in single 
figure or more after cutting into chips compared to before 
cutting . 

[0277] In this case, since the pn junction layer was 
recognized in the cutting plane of the chip, it is presumed 
that the increase of the leakage current is due to the 
influence of the pn junction interface exposed to the 
cutting plane. 

[0278] From the above-described result, according to the 
producing method of this embodiment, there is no pn 
junction interface in the cutting plane when the light 
emitting diode is cut into chips. Therefore, the leakage 
current is effectively reduced, and the light emitting 
diode having improved light emission efficiency can be 
stably produced. 

[0279] In this embodiment, the Al diffusion into the 
ZnTe substrate is explained with an example, however, the 
substrate and diffusion source do not limited thereto. 
When the Group II-VI substrate, such as ZnSe, ZnO or the 
like is employed for the substrate, the same effect may be 
expected. As the diffusion source, for example, Ga, In, or 
alloy thereof may be expected to have the same effect. 

Industrial Applicability 

[0280] As described above, the electro luminescence 



devices according to the invention are useful for light 
emitting diodes, and furthermore, which can be applied to 
laser diodes or other electro luminescence devices . 
Particularly, the invention is suited for stable production 
of electro luminescence devices having superior light 
emission characteristics by employing a Group I I -VI 
compound semiconductor crystal substrate, of which 
conduction type is difficult to be controlled. 



